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Development of a new platform for high performance xylose utilization yeast
suitable for real biomass fermentation
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Ethanol fermentation produced from lignocellulosic biomass that does not
cause competition with food and over-exploitation of cultivated farmland is expected. However, since
the yeast Saccharomyces cerevisiae used for fermentation could not metabolize xylose that
abundantly produced during the saccharification of lignocellulose biomass, the fermentation yield
from real biomass is becoming low, therefore intensive improvement is required. Recently, we have a
library of all the yeasts registered at NBRC and have found a robust yeast among them that can high
potentially take up xylose even the fermentation occurred under the presence of inhibitory chemical
compounds. Therefore, in this study, (1) xylose uptake mechanism was elucidated, (2) related genes
involved were identified and isolated, and (3) xylose fermentation yeast suitable for the actual
process was obtained by introducing xylose utilization metabolism system into high-performance
fermentation yeasts.



Saccharomyces cerevisiae

S. cerevisiae
S. cerevisiae
Pichia dipitis
S. cerevisiae
S. cerevisiae
S, cerevisiae
Saccharomyces cerevisiae
(XR)
(XDH) XR XDH
(NADP* NAD* )
XDH NAD+
NADP*
S. cerevisiae
S cerevisiae
25 NBRC 3000
in vitro
NBRC
in vitro
80%
28

NBRC



NBRC
H1. BR0RERERALES L0 —R RS HBON vl

glucase
wylose

LC/IMS? GC/IMS

PPP
HaATLIZERSFL | HEET
O—ZEYAREETE
HligEmERET 2
29
27
in vitro
LC-MS/MS Hxt
in vitro
Saccharomyces cerevisiae Hxt
Hxt Hxt5  Hxt7
Hxt5 Hxt7
Hxt5 Hxt7
inverted membrane vesicles
in vitro Hxt5 Hxt7
in vivo
¢ Glu
@ Xyl
G6P T6P
Hxt5, Hxt7 HK2 (XR)
(XDH) gPCR
XR
NADPH -6- (G6PDH)
GeP G6P
G6PDH
30
NBRC

NADP*  NAD*
G6P - - - -

80%



invitro

Hxt

Hxt5  Hxt7 Hxt
TCA

F118 BY4743

g 10
. Cell (ODgy) : .
NBRC . ey : Cell (ODsgo)
2 el 2 -
B POL 4 & )
60 25 60 25
50 Glucose Ethanol s | Glucose
Peee 2 boe, 20
b 40 -
25 - 15
30 10 * *
. Xylose | :\;1&‘\6 Ethanol 0
® P PR o
10 Y s 10 1 s
. 0 g® . 2 - 0 0 0
S cerevisiae F118 S s 1 18 2 % % @ 4 % i e e AR
@ Glucose @ Xylose -@-Glycerol -@-Ethanol ® Glucose @ Xylose -@-Glycerol -@-Ethanol
50 5 50 5
" Acetate
40 L‘"’””**' 'Atim}e,,,,‘ 4 40 L“***"' o——* 4
30 3 K 3
5og/L 20 FA 2 2
10 1 1
229/ L HMF
0 o— 0 o0& 0— - 0
) 6 12 18 24 30 36 42 48 54 0 6 12 18 24 30 36 42 48 54
S Cerevig'ae BY 4743 @ Acetate @ 5-HMF ® Furfural -@-Furfuryl alcohol @ Acetate @ 5-HMF @ Furfural -@-Furfuryl alcohol
15g/L 2. BREEAESALE A FYROMASBECOL R / — LEE,

5g/L

F118

Candida boidinii K212 3 pH

F118 K212 F118

K212
240

K212-Acid tolerance

5-HMF e | "
O 30 / s ?n 8
C. boidinii K212 §zo./ =
| 25| & 41
’ é: i
[ 'Y, =
de Novo 0 12 24 36 48 60 72 0 3 6 9 12 15 18 21 24
K 2 12 Time (h) Time (h)
20 § ’
Open Reading Frame, ORF 3 127 3
2 ] =2
303 ( ) z ® &
4 1
0 g 0 —

58 ORF 49 03 6 9 }IZ 1518 21 2 0 3 6 9 12 15 18 21 24
ORF 259 ORF Tie (4 Time 1

3. Candida boidinii K212#k(I2 & 2 T & / — L EEE S & OMEpH D4,



Cellular Processes
*

Environmental Information Processing

*
*

Genetic Information Processing

XDH

de Novo

XYLA

XYLA

GXT1
GXT1

GXT1
invitro

Candida boidinii K212

BY 4741
XK

4. Candida boidinii K212 D DeNovo Assembly|= & 5247 / L#ES: K212
KEGG pathway annotation X R
- (303 scaffold) XDH
— J XK
— - XYLA
i Annotation
oo (2kbpsEL LD ORF) XR
=, 1. BE#8% : 58 ORF XYLA
| = 2. Y7 ¥ 49 ORF K212
| r—— 3. FE{XH : 259 ORF XYLA pyromyces
3 » SALBEFOREE
I ®iET2
REDOX XR/IXDH/IXK REDOX
XYLA/XK (conventional)
ICC XYLA/XDH/XK
XYLA/XDH/XK
S. cerevisiae
K212
DB
XR XDH
XYLA XK
S cerevisiae
TDH3 TPI1 ORF
XK S. cerevisiae BY 4741
72 20g/L 2g/L 05 gL
S. cerevisiae XYLA XK
XYLA XK gPCR
XK XYLA XK
K212
K212
GXT1
BY4741 XDH, XK, XYLA
GXT1
20% ¢ Xyl
20%
S. cerevisiae
XYLA XDH
GXT1
20 g/L
8g/L g 5. Candida boidinii K212H%F ¥ &

3 gL

A—RERVAHFIRE b 7V R — & —
(GXT1),



BY 4741

GXT1
GXT1
K212
K212
XR
XDH NADP H
K212 XR XDH BY 4741
F118
60 1 50
T 8 xylose 5
< L 10 &
2 10 E
e glucose W 2
~ 30 4 m
= ~<
ER ethanol [ 2 5
3 0 2
g ! xylitol &
0 teoo—o————8l
0 6 12 18 24 30 36 42 48
Time (h)
6. F0—RAFEEL (TS5 L7=S. cerevisiae

FLISKRD T & / —ILRE, REIRBEEELT
ETTITH> 7

2
Amoah, J.,

GXT1
HXT7
HXT7 438
GXT1
XYLA
NADPH
XDH XR
NADP(H)
K212
XR, XDH, XK, XYLA GXT1
S. cerevisiae F118 F118
F118
50g/L
50g/L 30g/L
50g/L
12g/L 90%
S. cerevisiae

Kahar, P, Ogino, C., Kondo, A. (2019) Bioenergy and Biorefinery: feedstock,

biotechnological conversion and products. Biotechnol. J. https://doi.org/10.1002/biot.201800494
Kahar, P, Riyanti, E. |., Otsuka, H., Matsumoto, H., Kihira, C., Ogino, C., Kondo, A. (2017)
Challenges of non-flocculating Saccharomyces cerevisiae haploid strain against inhibitory
chemical complex for ethanol production, Bioresour. Technol., 245:1436-1446.

3
Prihardi Kahar “
”in 13
, (2019/2)
Prihardi Kahar, , )
Candida boidinii
(2018/3)
Prihardi_Kahar, ,
boidinii K212

https://researchmap.j p/pkahar/

, Saccharomyces cerevisiae

69

2018

Candida
(2017/9)



